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EFFECT OF WEEPRACK ON THE LOW-SPEED STATIC AND 

ROLLDG STABILITY DWIVMTVES OF TECN TAPERED 

WINGS OF ASPECT RATIO 4 

By W i l l i a m  Lstko and Walter D, W03hm-t 

SUMMARY 

A 1ow”speed investigation was mde in the IangLey stabil l tg  tunnsl 
to determine the effect of sweepback on the static and rolling s tab i l i ty  
derivatives of a series of Uings, each of w-hich had a taper r a t io  
of 0.6 and an aspect r a t i o  of 4. The were of RACA 65A- section 
in planes parallel t o  the axie of  symmetry asd had mepback anglee of 
their quartemhord lFne of 3.6O, 32.6O, and 46.70. Most of the tests 
were =de with the wbgs in ~~&1inact1011 w i t h  a fuselage. 

Results of the investigation  indicate that the maximum lift coef- 
f icient of the wing-fuselage cambinat ions increased a8 the angle of 
eweepback fncreabed. The usual effect of sweepback in reducing the 
lift-curve slope was confined to the lift-coef’ficient range between 
about 4 . 2  and 0.2 but m a  less  than expected, probably because the 
usual effect df sweepback was masbd by a variable influence of the C. 

fuselage. As the sweepback was increased, there was a rem shift of 
the aerodynamic center which was greater than indicated by the theory. 
This shift is believed t o  be caused bg a kge destabilizing  effect of 
the fuselage on the 3.60 mptback  wing, while tee t s  showed practfcally 
no effect  for the 46.7O mptback  wing. 

A t  low lift coefficients the derivative of rol l ing moment caused by 
yaw varied linearlg with lift coefficient, and the rate of variation waa 
increased with an increase of m e p  asgle i n  very much the same manner 
that is  predicted by theory. Became the linear  variations were 
maintained over only very amall ranges of lift coefficients  for the mare 
highly swept wings, the rmximum positive values of the derivativea of 
roll ing mament due t o  yaw for the 32.6O and 46.70 mptback  wings were 
smaller than the d u e s  of this derivative  for the-3.6O eweptback w i n g  
at  l i f t  coefficients  greater than 0.6. 
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The derivative of yawing moment caueed by rolling was either zero 
or p o s i t i n  through most of the  lift-coefficient range f o r  each of the 
wings tested. A t  zero lift coefficient  there was a decrease of the 
damping in roll wi-th as increase of sweepback. The values of damping :n 
roll obtained i n  the rolling-flow t e s t  section of the Langley etabi l i ty  
tunnel show good agreement with those obtained by free rotation of the 
models i n  the Langley 7- by 10-foot tunnel and with the values 
calculated by WeissLnger's theory. 

An increase in aweepback caused Large reductions in the rolling- 
m-nt coefficient asd in the -tip helix angle resulting from a Emit 
angular deflectfon of the ailerons about their hinge aria .  

1r?TRom10Iv 

The influence of a number of different geoanatric ga;L.ameters cm the 
rolling  etability  derfvatives of wings have been fnvestigated inthe ' 

Langley s t ab i l i t y  tunnel by rueam of the roll~-flox technique. (See 
reference 1.) The irrvesti@tiona have includedthe effects of mpect 
ra t io  and mmep (refemme 2),  taper mtfo (reference 3) ,  dihedral 
(reference 4), and airfoil section (reference 5 ) .  AU of the ~ v e s t l -  
gat ions were performsd at low Mach number8 and vith moderately thick 
wings .  In order t o  obtain an indication of the rolling chamcterietice 
of sweptback vlngs at higher S U b S o n i C  speeds, a s e r i e e  of thin wing6 
(XACA 65~006 airfoil   section) were tested in the Langley high-epeed 
7- bg 10-foot wind tunnel at M&ch nmiber8 from about 0.4 t o  about 0 .g . 
(See reference 6.) Results were obtained mer an angle-of-attack raage 
from O.3O t o  6.5O f o r  the Wp-in-roll derivative and f o r  the 

aileron effectiveness. 
% 

The results of the investigation reported hepin were obtained In 
the  rollin@T.ar test section of the Langley s tab i l i ty  tunnel, and the 
models were tho= wed for the investigation reported i n  reference 6 .  
The purpose of the  present tests was t o  obtain mare complete information, 
at least  at low speeds, on the etat ic  and rolling characterietics of 
the w i n g s  and also t o  obtain a correlation betveen techniques of the 
Langley etabi l i ty  tunnel (rolling flow) and the Langley 7- by lGfoot  
tunnel (free ro t a t im)  for detemining the damping .~n rol l .  

The wings tested were sweptback 3.6*, p.P, and 46.10 and had an 
aspect r a t io  of 4 and taper ra t io  of 0.6. 
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SYMBOLS 

3 

The data a m  presented in the form of etasdard W A  coefficients 
of forces a& MnneIlts which are referred in all c88es to the s tab i l i ty  
axes, with the origin at the quar-te-hord point of the mean aurodynamic 
chord of the -1s tested. The positive d i r e c t l a m  of the foxes ,  
moments, and angular displacemsnts are shown in figme 1. The cod- 
f ic ients  an3 synibols used herein are defined a~ follows: 

CL 

c, 
c=O 

CY 

c Z  

c, 
C n  

L 

X 

Y 

L’ 

M 

H ’  

I 

q 

P 

V 

R 

. 



elope of section lift curve per radian 

aapect ratio (b2/S) 

angle of attack lneasured in plane of eynrmetrg, degrees 

aileron deflection lneaeured in plane normal t o  aileran hinge 
axis, de@Teee 

angle of yaw, degrees 

angle of sweepback of quarte-hord line, degrees 

wing-tip helix angle, radians 

rolling velocity, radians per e e c d  

rate of chan@3 of Whg-tip helix angle per degree of t o t a l  
aileron deflection 

rate of change of rolling+nammt. coefficient per d e p e  of t o t a l  
aileron deflection 

. .. . .  
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The teets  were made fn ths 6-foot-dia.mter roll-flow tes t  
section of the Lan@gley s t ab i l i t y  tunnel. This section is equipped with 
a motor-driven rotor which i m p a r t s  a t w i s t  t o  the a i r  stream 80 that a 
model mounted rigidly in the tunnel is in  a field of f l o w  simflar t o  
that which exiets about an airplane In rolling flight (reference I). 

The models tested  consfsted of three wings of PIACA @A006 ‘section 
i n  planes m a l l e l  to the axis of sgmmetry. The wings were of aspect 
r a t i o  4, taper r a t i o  0.6 and  had sweepback angles of their quarte- 
chord line of 3 . 6 O ,  32.6‘, and 46.F. (See fig.  2.) The wings wetre 
equippsd with ailerons, each  rrith a span of 40 percent of the wix 
.semispan asd a chord equal t o  x) percent of the w i n g  chord. Moat of 
the  tests w e r e  made with the wings in combination with a fuselage. The 
quarter-chord point of ths man aerodpamlc  chord of each of the wings 
U&E located at the 43-percent point of the  fuselage. The principal 
dimensions of the  fuselage are given in figure 3. 

The t e s t s  were made with the models mounted on a single-etrut 
eupport ( s e e  fig.  4) at the  quarter-chord points of thefr mean 
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aerodynamic chorda. The forces and moments were measured by mane of 
the eix-camgonent balance eyetem of the Iangley s tab i l i ty  tunnel. 

Most of the tests were made at  a dpamlc pressure of 25.1 pounda 
per square foot which corresponds t o  a Mach number of 0.13 and a 
Reynolds number of about 720,000. 

The models were tested through an aqle-of 'e t tack re~nge from about 
ICo angle of attack up t o  and beyond the angle of maximum lift at Oo 
and +5O anglee of gaw in etrai@;ht f l o w  and at Oo angle of yaw in 
ro l l ing  flow. For the straight-flow teeta at Oo angle of yaw, lift, 

strai&t f l o w  a t 7 - e  of p w  in roll- flow at values 
of ' pb/zV of k0.0248 and &0.0743 w e r e  used to obtafn derivatives of 
lateral farce, yawing mament, and rolling marnsnts with respect to p w  
angle. and -tip helix angle. In straight-flow t ee t s  at zero yaw, 
roll- moments were obtained over the augle-of-erttack range f o r  
aileron def'lectiona of i - 4 O  and * 8 O ,  measured in a plane parallel t o  the 
plane of symmetry. The correeponding aileron deflections meamred in a 
plane normal t o  the hin&e axis are presented i n  the following table: 

drag, and pitch3 nt coefficients are presented. Data obtained i n  

3.6  
3 06 

32.6 
32.6 
46.7 
46.7 

+4.Cl 
f8.02 
54.47 
k8.89 
*5.44 
+lo. 83 

Sonre tests of the 46.70 axeptback wFng were =de without the fuselage. 
For these tests,  the oenter section of ths wing was altered as is ahawn 
in figure 5. In straight flow the lift and pitching moment of the eng 
alone were measured with and without tranaltian strips on the leading 
edge of the wing at varim values of QnamLc pressure. The values of 
Mach nuuher and Repolds number wblch correspond to the test dymmic  
preesures are as folious: 
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e 

I 9 

4 
8 
16 
25 
40 
65 

M 

o.o= 
-073 
,104 
.131 
.166 
.2ll. 

R 

Approxfmate jet-;boundary corrections (6LmUar t o  those of refe- 
ence 7) based on unsmptrwing theory have been applied t o  the angle of 
attack,  the drag coefficient, and the roll-nt coefficient 
Correctiona for blocking or support-gtrut tare8 ham not been applied 
t o  the results, 

Straight--Flow Characteristics 

The lift, drag, and pitch-nt chmacteristics of the  three 
wings, each tested in caniblnation with the fuselage, are presented in 
figure 6 .  The pitch-nt results at low lift coefffcfents 
indicate that the  aerodpauic  center moved reazwaml, From 17.6 percent 
t o  27.0 percent of the mean aeroagnamic chord, as the angle of sweep 
back was increased f’rcm 3.60 t o  46.70. The theoretical results given 
in reference 8 predict a h o s t  no change in the  aerodynamic-center 
location of plafn w i n g 6  over this  of sweep angles f o r  the 
m i c u l a r  aspect r a t io  and taper r a t i o  of the wings investi@,eti. T ~ E J  
differences  betmen theory and expriment -po%ably resulted from the 
fact  that a fuselage was used in the  tests.  

Because each of the w f n g s  was comtructed in two semfspm segments 
with mounting blmka at the inboard ends 9 o r  attachment t o  a helage,  
true wing-alane chmacteristics  could not be obtained. A n  attempt t o  
simulate, as nearly as possible, the w i n m o m  cad i t ion  was made, 
however, for the 46.70 sweptback wing. The dng segments were 
supported by cover plates and the  entire root regian was faired with 
balsa wood and clay. (See fig. 5.) Lift and pitching-moslent results 
obtained Kith th i s  model (wing alone) and with the S ~ E I  wing in 
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canibination  with the fueeLage are ccmpwed in figure 7. The fwelage 
appeared t o  have very little effect on the general. shape8 of the lift 
and pitching+nament curves or  on the mrodpamlc-center  10~8tiOn 
determinsd from the slope of the p i t c h i w n t  c m e  at zero lift. 
For either the w i n g  alone or the w%qpfueela@s ccmibination, the aem 
dynamic center was anl;y about 1 percent of the mean aerodynamic chord 
behFnd the location (27' percent of the mew aerodynamic chord) given by 
the t h e o q  of' reference 8. Apparently, for the 46.7' mptback wing the 
forvard location of the wing-fuselage J W t u r e  msulted i n  elimination 
5f the usual unstable pitc-nt contributian of the  Azsebge. 

, ?or the wings with emaller sweep angles, the  location of the wing- 
?uselage junsture was farther rearward and, in them cases, the 
:ontributicm of the fmew t o  the pitching-mment characteristics 

. mems t o  have been a destabilizing  effect, as ie normally expected. 
iuch an effect (an Increase of the -table pitchbg+ucment contribution 
If the Rzselage with a rearward shift of the -1- juncture) 
as found i n  tes ta  of mid- conf'iguratians with Eltraight vings 
eported in reference 9. The reeulte of reference 9 for a midving 
onfiguration show that as the location of the quartelrchord line of 
he wing with  respect t o  the f'uaelage varied fram 9 t o  44 percent of 
h8 fuselage length, the taerodynamic-center location of the conf'igw 
sation varied fram 0 t o  about 6 percent forward of the location f o r  
ing alone. For the 3 . 6 O  mptback King with fuselage, the 
srodynamic-center location (17.6 percent of the mean eLer-c 
:hord) was 7.4 percent forward of the location m d i c t e d  by the  theory 
)f reference 8 for the wing done.  

The results preHnted 5n figure 7 ahow that removal of the fusel= 
awed a reducticm in lift-curve elope (from 0.062 t o  0.054) near zero. 
ift ; but even with the fusela@ removed, the lZft4urve elope m8 
l i g h t l y  higher than the theoretical value (0.052) e v e n  in refereme 8. 
he small displacements af the lift and pitchlrq+mmnt c m e s  for the 
)lain wlng, re la t ive   to   the   cmee  for the *fusela@ canbination, 
robably resulted frm s(llly9 camber introduced by the fairing of the 
:enter  sectiob of the Xing. 

 he lift data presented in figure 6 indicate an incmase u 
maxirmrm lift coefficient from 0.80 t o  1.02 as the mepback  is 
increased fram 3 . 6 O  t o  46.7'. This result is in agreement w3th the 
f fndinga of another  law-scah  investigation (reference 10) and has been 
confirmed f o r  Repolds numbers a8 high as 12 x 10 in a recent 6 
investigation (unpublished) of winge having  geametric properties a h o a t  
identical   to thoae used for the preeent  Fqvestigation. 

A t  lift coefficients below 0.8, the lift c m e s  for  the three 
engs are very nearly the same. Although the  theoriea of reference8 8 
and ll do predict a reduction in  lift-curve elolpe of plain vi= with 
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increased eweep angle, such a, redudion, if' it occurs, would be 
expected t o  be confined to a very am.ll range of lift coefficients 
(from about 4.2  to 0.2) f o r  the  present models, because above a lift 
coefficient of 0.2 (somewhere between 0.2 and 0.3) psrtial separation 
appears t o  tak3 place. T ~ E I  separation is Indicated f r o m  the comparison 
of the  axprimontal drag CUTVBB with the  curve obtained by adding the 
drag a t  zero lift to.  the  theoretical induced drag for e l l i p t i c  wings 
of aspect  raiAo.4. (See f ig .  6.)  For each of the wings the experi- 
Illental drag  curve began t o  depart from the theoretical  relation at a 
l i f t  coefficient same&em between 0.2 and 0.3. Partial flow separatiagl 
above this lift coefficient  therefore would be expected, which would 
invalidate  the assrnnptions of the theory wed t o  calcnlate the l if t-  
curve slope. According t o   p v i o u e  experience (see fig.  4 of refez- 
ence 2, f o r  emple ) ,  the onset of flow s e w a t i o n ,  as Indicated by an 

increase Fn the quantity , gensrdl is accampesied by an 

increase in lift-curv0 slope f o r  sweptback wings and a decrease in 
lift-curva slope for unswept wings. At the h9-r lift coefficients, 

higher than those of unswept winge of the ~ a m e  aspect ratio. 

i 

(CD - 9  [ .I 
". 

theref ore, awptback h a  may have Uft-curve slopes as high or  even 

The resul ts  in figure 6 do not show an effect of sweep 03. lifi- 
curve slope a8 large as was expected (on basis of references 8 anQ 11) 
f o r  these modele, even st the l o w  lift coefficfente. Thie  difference 
may have resulted in  part f r o m  the use of the fuselage. As hae already 
been pointed out, removal of the fuselage cauaed a reduction In IW" 
curve slope f r o m  0.062 to 0.054 fo r  the 46.7' Bweptback wing. Tests 
w i t h  straight ~ i n g e  (reference 9 and compwison of references 12 and 13) 
and tests of a 42O sweptback wing (reference 14) have indicated that 
the  effect on the 1ift"Curve slope of the addition of a fuselage of 
circular  cross  section (legends, at least  partly, on the wing geometry 
and m the longitudinal position of the win@?uselage Juncture. It is 
probable, therefore, that the usual effect of sweepback on the lift- . 
curve slop .was partially masked by a v-arhble  influence of the 
fuselage. 

In order to deternine how c r i t i ca l ly  the w % q  characteristics 
were affected by changes In Reynolds nmiber, in the range f o r  which 
most of the t e a t s  had t o  be run, tests were  made at vmious Reynolds 
numbers with and dthout   t rans i t ion  strip8 on the loa- edge of the 
wings. Plots to show the effect of transit ion strips and Reynolds 
numbers on the  lift-curve slop and p i t c h w m e n t  slope of the 
46.7O eweptback w i n g  tested done are presented aa figures 8 and 9, 
rospectivoly. A oummary of these  results i s  presented In figure 10, 
which shoys thc  variation of lift-curve slop and the  variation of t he  
locat ion of t E L e  aerodynamic center with. Reynolds number. Also 
pesented in fi- 10 Is the  theoretical value for   l i f t -curve slope 
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clnd the due for the hca t lon  of the aeroagnamic center &8 pre8ented 
in reference 8. The effect of increasing R e g n o l d e  rider YBEI t o  
decrease the liftcurve slope and tQ c a w  a f o m  shift of the 
aerodynamic center. The effect on the llft-ourpe dope and on the 
Eaerodynamic-center location of Fncreasing the Reynolb number 
fram 280,000 t o  1,1.l6,000 was approximately equivalent t o  f-ng the 
transit ion  at   the nom of the airfoil. The fact that the chazac- 
t e X d S k i C 8  of ths wing -8% the Barns d t h  transit ion stripe, 
either on or off, at a Reynolds number of 1,U6,,000, i s  an indication 
that further increases in Reynolde n-r would not be ptwticularly 
important, at leetat for the p s e n t   t e s t  condition of emface 
emoothnees and a M r e a m  turbuleMe. TBbr o&tione of extremely 
low turbulence and with highly polished vlng mrFaces, the  reeulte 
obtained ufth  transit ion  stripe off Fobably would not approach those 
wlth strips on until a Reynold8 number cansiderably higher 
than 1,116,000 had been attained. (See reference 15.) 

The effect of sweepback on the  static lateral s tab i l i ty  ch8rac- 
t e r i s t i c s  is  ahown fn figure 11. A t  low l e  coefPicients the rate of 
cplange of 

decreased. For the 32.6O and 46.7O smptback wfnga the values of C 

increaee linearly f o r  anly a mall. range of Lift coefficient8 after 
which there is an abrupt change in  the fnit ial trends, mobably as a 
result of early partial stall3ng, mentiomd previously. The 32.6' 
and 46.7O m p t b a c k  wing8 a t ta ln  relatively m m U  positive values 
Of CzJr ( h e 8  than the PdU438 obtafned for ths IIUBWBPt vi% at lift 

coefficients  greater  than 0.6). There I s  little effect of sweepback 

on the values of C, and Cy$. The fuselage caueee 
positive * 

coKtributions t o  bath Cn This oontribution is ahom in 

figure 12, which c a n p . m ~  the values obtained for the 46.7* sweptback- 
wing and fuaelage cmibinaticm with those for the faired wing alone. 
Removing the f'usehge cau8e8, f o r  the 46.70 Bwrsptback YJnS, a emall 
ohange in the varfation of' C z s  with lift coelpficlent for law coef- 

f iciente but has no effect on the maxinun positive Talus of C 

attained with the  conbination. 

c% 
wlth lift coefficient  decreases ae the sweep l e  

z* 

rcI and 

The variatione of the rolling deriv-atlves C p  , Cnp' and C with 
P 'IP 
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A t  l o w  lift coefficiente  the results gresented in figure 13 f o r  
the derivatives of l a t e ra l  farce caused by rolling Cy are in 
qualitative  agreemnt with the approximate theory of' reference U_ in 
that thie  derivative  varied linearly with lift coefficient and the  rate 
of variation increased with ' a n  increase in m e p  angle. In general, 
C maintained its initial lineas variation mer about the same range 

of lift coefficients as the derivative C 

P 

yP 

z w  

The derimtive of ya- ~ r m e n b  caused by rolling C was found 
"p 

t o  be either zero or positive frcun a lift coefficient of 4.2  to 
approximately the mxlmm positive lift coeff'iofent for each of the 
wings teated.' The apIxroximate theory of refe&me 11, which is  based 
on potentialdlow  consideratlane,  fndicates an initial negative elope 
of C, with CL; however, t h i e   i n i t i a l  trend would be eqec ted  t o  be 
maintained only mer the r w  of lift coeffiolents for which the t o t a l  
drag is app?oxlmately equal t o  the drag at zero lift p lm the induced 
drag. (See reference 2.) A s  i s  Indicated by the drag data of 
figure 6,  this oonditian is satisfted only up t o  Ilft coafficiente of 
about 0.2 or  0.3. A t  e k h  low lift .coefficients the r@agnitudes of the 
theoretical values of the pwhg moment d.ue t o  rolling probably are 
withln the experimental accuracg of the rpeaem~~s  and, therefore, no 
i n i t i a l  nega.tive slope could be detected. 

P 

The experimental results for the derivative C are  compared ?e 
in figure 14 with remits calculated by a method (presented in refelr- 
erne 2) which includes cmsfderation of the drag ~~easured under 
straight-flow conditions. In general, fafr agreement is obtained, 
altho- tlie predicted valuee of Cnp at high Uft coefficienta are 
too highly positive for the 3.60 and 32.6O aweptkk vi-. In refex- 
erne 2, through  analysis of experinusntal d a ,  the increment of C 

due to   prof i le  drag was found t o  be woportional t o  the slope of the 
curve of profile drag p l d t e d  agaimt angle of attack, and, the constant 
of p r o m ~ i o I m l i t y  was found t o  vary with mpect mt fo  but t o  be 
essentially indspendent of the sweep angle. The ccunpa.rison presented 

llp 



k canparison of value6 of C obtained by tbe roll-flow 
technique of the Langley s tab i l i ty  tunnel with those obtained f r a m  the 
free"rotatiop t e s t s  of the models i n  the hagley 7- by 109oot tunnal 
(referance 6 )  is p s e n t e d  in figure 13. Ijl general, the variation 
of Cz ulth lift coefficient is similar, and tho retlues of Ct 

are in good agreemnz. The Langley 7- by lO-foot tunnel reeulte are 
slightly higher, but tu8 difference can be attriblrted eilmr>st entirely 
t o  the difference in Maoh number of the teats, as i~ indicated in 
figure 16, which ccmrpa;res experlnmnteil result6 obtained by the two 
technique8 with theoretical results (from reference 16) correerpcrnding 
t o  the two t--t Mach runbere. The difference between the two 
theoretical curve8 is slmoet exactly equal t o  the difference between 
the two experhental curves. Both exprimental techniques y i e l d  
values that w e  consistently larger than  the  theoretical VBlues, 
&thou& the eqperimentd m i a t i o n  of C with sweep angle is in good 
agreement with theory. 

'IP 

P P 

ZP 

The 46.7O sweptback wing WBB also tested in  rolling flow with the 
fueeletge removed. The effect on Cy , C, , and C OF removing the 

P P  zP 
fuee lae  m a  amall. (See fig. 17.1 The values of C obtained v i t b  

the Xing alone were slightly larger than those  obtained for the 
combination, although the slope of the lift curve .for wing alone yebe 
lower than that obtained x i th  the cmbinatlon. A aimflar result was 
obtained in the teste  reported i n  reference 17 which gives str a 
possible explanatim the fact that the loading on tbe Rzselage during 
roll would act normil t o  the surface of the circular  cross-eection 
m e l a g e  and would contribute l i t t l e   t o  the damping in ro l l .  

2P 

. 
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Aileron Cbzacteristfce 

13 

The effects of sweepback qn the  aileron rnll-n% 
effectiveness m t e r  C and  on t h e   r o l l w f f e c t i v e n e s s  par- 

e t e r .   ( ~ b / 2 V ) ~  az-e s h a m  in figure 18. The values of C were 

determined in straight flow and the d u e s  of (pb/2V)8  were 
determined. from the relation 

% 
'LB - 

-where C is obtained fkam figure 13 and repreeents the damp- of 

the wing with ailerons  neutral. The palues of (pb/2V) presented. i n  
figure 18, therefore,  neglect any poesible  effect of' aileron  deflection 
on the damping in roll o r  of rol- on ailerm effectiveness. Previoue 
experience has indicated, however, that such effeots are negligible, 
except for  very large aileron  deflectione or f o r  angles of attack near 
the maximum lift coefficient. 

ZP 

I 
Results  obtained f o r  the V t e r s  C and ( ~ b / 2 T ) ~  depend, 

of course, on the  pesticular convention used in defining the aileron 
deflection 6, In the present wpm, 8 is measured in a plane 
perpendicular t o  the  aileron hinge axie and, therefore, a given Balm 
of 6 represent6 a constant angular rotation of the aileron about i ts  
hinge axis r e e e s s  of the m e p  angle of the wing. With thfs  
convention, an increase in sweep angle ie found t o  produce large 
reductions i n  both C and (pb/2V)8. (See fig. 18.) According to 

an alternate convention, the deflection 6 is measured in the plane of 
symmetry and, therefore, a c m t a n t  value of 6 corresponda t o  an 
increasing angular rotation of the  aileran about the hinge line as the 
wing sweep angle is increased. When the latter convention is used, 
the  effect of sweepback (321 the  wameters CZ8 and (Pb/2V)s is 
found t o  be coneiderabljr  smaller  than that indicated tn figure 18. 

28 

28 

A ccmpzison of figure6 18 and 1 3  slim that for  the  three wings 
ir.vest.igated the m i a t i o n  of Czg Kith Uft coefficient is small 
relative t o  the  variation of Czp with lift coefficient. The 
resulting  variation of t he   ro l lw i ; ' e c t iveness  parameter (pb/2V)B, 



therefore, is determined primarily by C J  All of the wings show 
reductions in  rolling  effectiveness as the lf9t coefficient is 
increased up t o  about 0.5. In the cam of the 46.7O Bweptback wing, 
t h i s  reduction amourrts t o  about 4-Q percent of the va lue  at zero l i f t .  
A t  higher lift coefficients ( ~ b / 2 V ) ~  increase8 for all of the wings 

became C 2 decrease8 more rapidly  than Cz8. The value8 of ( pb/2V)E 
presented b figure 18, however, (as previouely mentioned) neglect any 
possible  effect of aileron deflection an the nRmping in r o l l  or of 
rolling on aileron  effectivenese. 

P' 

P 

A n  investigation made in the Langley stability tunnel of a seriee 
of thin sweptback wings of aepect ratio 4, each tested in combination 
w i t h  a fuselage, indicate8 the following conclwiom: 

1. The mxhm lif% coefficient of the -fwelage ccadbinationa 
increased as the angle of weepback increased. A t  lift coefficients 
below 0.8, the lift c m e s  were- very nearly the 8- for all three 
models. The Uual effect of sweepback in reductng the lift-curve 
slope- appeared t o  be confined t o  the  lift-ooefficient range between 
about 4 . 2  and 0.2 but waa leee than W&B expected,  probably  because the 
usual effect of sweepback was masked by a variable influence of the 
fuselage. 

2. The aerodymmic center at law lift coefficient8 moved rearwaxd 
From 17.6 percent t o  27.0 percent of the mean aerodynamic chord ae the 
sweep angle was increased frm 3.6' t o  46.70. This rearward. shift was 
comfderably larger than that indicated by theory  for plain X i n g @  and 
appear8 t o  have been caused by a variable  corrtrfbution of the fuselage. 
For the 46.70 eweptback wing, tea ts  shoved that the fueelage had almoet 
no effect on the aero-c center;  but for the 3.6O aweptback wing, 
the fueelage is believed t o  have a deetabilizing effect, as l e  usually 
expected . 

3 .  A t  low lift coefficients the derivative of rolling moment due 
to yaw varied linearly with lift coefficient , and the rate of 
variation increased wlth an increase in sweep angle in very mch the 
manner that is predicted by theory. The linear VariatioG were 
maintained mer only very -11 ranges of lift coefficient f o r  the more 
highly ewpt win@; however &a a result, the mxbmm positive values of 
the derivative of rolling momsnt due to yaw f o r  the 32.6 and 
46 .7O sweptback wings were smaller than the valuefl of thfs derivatfve 
for t he  3.6' BKeptbaok wing at lift coefficients  greater than 0.6. 
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4. The derivative of ya.dng mamsnt  due t o  rolling was either zero 
or positive through mst of the   l i f t -xeff ic ient  range for each of the , 

wings tested. 

5. At . z e ro  l i f t  coefficient  there is a decreaee in damping in roll 
with an increase of aweepback. The n l u e s  obtained in the Langley 
stability  tunnel by the  rolling-flow  technique show good agreement 
throughout the m e p  range xLth those obtained by free rotation of' the 
models in   the Langley 7- by 104oot tunnel and with those  calculated' by 
Weissinger's  theory. 

6 .  An increase in sweepback caused large reductions in the ro l l i ng  
moment aad in   the  -ip helix angle  resulting from a unit angulaz 
deflection of the ailerone about the i r  hinge axes. For the 46.70 swept- 
back wing, the rate of variation of w l e i p  helix asgle with aileron 
deflection decreased by about 40 percent as the lift. coefficient 
increased fram 0 t o  0.5 but  then  increased slightly wfth a further 
increase in lift coefficient. 

Langley Aeronautical  Laboratory 
National Advisory C-ttee fo r  Aeronautics 

Ta.naley A i r  Force Base, Va. 



16 NACA RM L9FI.4 

REFERENCES 

1. MacLachlah, Robert, and Letko, William: Correlation of Two 
Experimental Methods of Determiniw  the Rolling Characteristics 
of ' Unmept W a s .  NACA TIV 1309, 1947. 

2. Goodmm, Alex, and Fisher, Lewis R.  : Investigation at Low Speeds 
of  the Eh?fect of Aepect Ratio ehnd Sweep on Rolling Stabili ty 
Derivative8 of Untapered Wings. NACA TN 1835, 1949. 

3. Brewer, Jack D., and Fisher, Lewis R.: Effect of Taper Ratio on 
the Low-Bpeed Rol l ing  Stabil i ty Derivettivee of Swept and Unawept 
Wings of Aspect Ratio 2-61. NACA RM L8Hl8, 1948. 

4. Queijo, M. J., and Jaquet, Byron M.: Calculated  Effect6 of 
Geometric D l h e d r a l  on the LowSpeed R o l l i n g  Derivative8 of Swept 
Wings. XACA TN 1732, 1948. 

5.  Letko, William, and Brewer, Jack D.: F,f'fect of Airfoil Profile of 
Symmetrical Sectiom on the Lowaped R o l l i n g  Derivatives of 
45O Sweptback-Wing Models of Aspect Ratio 2.61. EACA RM L8L3h, 
1949 

6 .  Ku?m, Richard E., and Myers, Boyd C., IT: Effecte of Mach Number 
and Sweep on the Damping-in-Roll Characterietlcs of Wings of 
Aspect Ratio 4. NACA RM L g E l O ,  1949. 

7. Fefgenbaum, David, and GOodPlRn, Alex: PrelimLnary Inveetl@tlon at 
Low Speeds of Swept  wing^ i n  R o L l ~ ~ P l o w .  IQACA RM L-09, 1947. 

8. DeYoung, John: Thoret ical  Additional Span Loading Characteristlce 
of Wlngs with  Arbitrary Sweep, Aspect Ratio, and T a p r  Ratfo. 
NACA TN 1491, 1947. 

9 .  Jacobs, Eastrmn N . ,  and Ward, Kenneth E.: Lnterference of W a  and 
Fuselage frm Tests of 209 Combinatim in the B.A.C.A. V a r i a b l e -  
Density Tunnel. mACA Rep. 540, 1935. 

10. Goodman, Alex, and Brewer, Jack D.: InvestigatIorL at Low Speede of 
the Effect of Aspect  Ratio and Sweep on 5ta t ic  and Y a w i n g  
Stability  Derivatives of Untapered Wings. NACA TI? 1669, 1948. 

11. Toll, Thomas A.,  am5 QueiJo, M. J.: Approximate Relations and 
C h a r t a  for  L o w 4 p e s d  Stability  Derivatives of Swept Winge. NACA 
TN 1581, 1948. 



NACA RM L9n4 17 

12. Ba.uiber, M. J., and House, R. 0. : W i n d J I ? m n e l  limestigation of 
Effect of Yaw on bteral-Eltebility  Characteristics. I - Four 
B.A.C.A. 23012 W i n g s  of Various Plan Forma with and without 
Dihedral. W A  TN 703, 1939. 

13. Recant, Ieidore G., and WaLlace, Arthur E. : WindJTmnel Inmati- 
gation of Effect of Yaw on L a t e r a l ~ a b i l l t y  Characteristics. 
III - Symrm3trically Tapered W i n g  at V a r i o u s  Poeitione on 
C i r c u l a r  Fuselage with and Mthout a Vertical Teil. RACA 
TN 82'3, 1941. 

14. salmi, Reino J., C-r, D. W i l l i a m ,  and Graham, Robert R. : 
EZfects of a Fuselage cm the Aerodyaamic Chazacterietics of a 
42O Sweptback W 3 n g  at Reynold8 Nunibere to 8,000,000. W A  
RM L7E13, 1947. 

15. Heely, Robert E., and C o m e r ,  D. W i U E a m :  Aerodynamic C h a x a c -  
t e r i s t i c s  of a bo Swept-Back W i n g  with Aspect Ratio 4 and 
ESACA 641" Airfoil  Sections a t  Reynolds Numbere from l , ~ , ~ O  
t o  9,5OO,o(w. mACA RM Lp14, 1947. 

16. Bird., John D. : Soms Theoretical Low4peed Spas Loading C h a r a c -  
t e r i s t i c s  of Swept Wing8 in R o l l  and Eiideelip. NACA TN 1839, 
1949 

17. Bird ,  John D., Lichtemtein, Jacob E., and Jaquet, Byron M. : 
Investigatfon of the  Influence of Fuselage a d  T a i l  Surfaces on 
LarSpeed Sta t ic   S tab i l i ty  and Rolling dPlaracteristic8 of a 
Swept-Wing Model. IUCA RM L7HL5, 1947. 



NACA RM wF14 

Figwe 1.- System of axes used. A m o v e  indicate posltive diroction 
of angles, forces, and mmnts. 



Wing : 
Area, sq ft . . . . . . .  2.25 
Aspect r a t io  . . . . . .  4.0 
A i r f  o l l  section,.  . NACA 65~006 . 
span, f t  . . . . . . . .  - 3;o 
Mean aerodynamic 

' 

chord, f t  . . . . . .  0.763 
Taper  ratio. . . . . . .  '. 0.60 
Root chord, f't  . . . . .  0.938 
T i p  chord, f t  . . . . . .  0. s3 . 

Aileron : 
Typ5 . .True contour, sealed g&B 
Chord, percent c . . . . . .  20 
span, percent b/2 . . . . .  40 
Inboard stabion, 

percent b/2 . . . . . . .  55 
Outboard stat ion, 

percerrt b/2 . . . . . . .  95 

Figure 2.- Sketch and dimensions of wings teated. 
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Fiaure 4.- The 46.7' aweaback wing with fuaelage mounted i n  the rolling-flow section of the 
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F1 . g u m  6.- Variation'of the drag and pitchlng-momnt coefficiente and 
angle of attack fdth lift coefficient fo r   wing^ te&ed Kith a 
fuselage. 



c 
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c 

Figure 7.- Variation of the pitchingaronusnt coefficient and the angle 
of attack with lift coefficient f o r  the 46.7' sweptback wing alone 
and fo r  the 46.70 sweptback wing in  coaibination with the fuselage. 
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Figure 8.- Variation of the L i f t  cmfficient wfth angle of attaok of 
the 46.7O sweptback wing alone f o r  vczrioue valuss of Reynolds 
rider with and without transition strips cm ving leading edge. 
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Figure 9.- Variation of the pitchin-mnt coefficient  with lift 
coefficient of the 46.70 sueptback wing alone for.various values 
of Reynolds number with and without t ransi t ion  s t r ips  on wlng 
leading edge. 
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Figure 10.- Effect of trmmition strips and Repol& number on the l i f t -  
curve elope and location of the aerodynamic center for the 46.7O 
eweptback wing alone. 
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Figure U.- Variation of C C and C with lift Goefficient fo r  
YJIJ nq’ 2J( 

the wings tested with a fueelage. 
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%' cv F'igure E.-Vmiation of C and C w5th lift cmfficient .for the 
1-4 

. 
lC6.7O meptback wing teeted alone and in cambination with a fuselage. 
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Figure 13.- V .cfent for 



./ 

0 

Figure 14.- Comparison of the variation with lift coefficient of the 
value8 of C obtained exgmrimentally with those calculated by 

the method of reference 2. 
nP 

. 
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Figure 16.- Comparison of the variation with sveep of the value8 of C LP 
obtained by free rotation of the models in the .&ngley 7- by 1Cbfoot 
tunnel and by the rollhg-flow mthod of the Langley stability tunnel 
with those calculated by the Weise-r method. CL = 0. 

. .  

. 
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Figure 17.- Variation of Cyp, Cnp, and C with lift coefficient fo r  

the G.70 sweptback wing tested alone and for the 46.70 sweptback 
w i n g  tested with fuselage. 
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Figure 18.- Variation of aileron effectiveness C and ( pb/2V)8 with 

lift coefficient for the wings teeted wlth flmelage. 26 


